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(54)Title: PROCESSES FOR PRODUCING SUGAR NUCLEOTIDES AND COMPLEX CARBOHYDRATES 



(57) Abstract 

A process for producing a sugar nucleotide characterized by using as an enzyme source an optionally processed culture of a 
microorganism capable of producing the sugar nucleotide from a nucleotide precursor and a sugar, effecting an enzymatic reaction in an 
aqueous medium containing the enzyme source, the nucleotide precursor and the sugar to thereby accumulate the sugar nucleotide in the 
medium, and taking up the sugar nucleotide from the medium; and a process for producing a complex carbohydrate characterized by using as 
enzyme sources an optionally processed culture of a microorganism capable of producing a sugar nucleotide from a nucleotide precursor and 
a sugar, and an optionally processed culture of a microorganism or animal cells capable of producing the complex carbohydrate from the 
sugar nucleotide and a complex carbohydrate precursor, effecting enzymatic reactions in an aqueous medium containing these enzyme 
sources, the nucleotide precursor, the sugar and the complex carbohydrate precursor to thereby accumulate the complex carbohydrate in the 
medium, and taking up the complex carbohydrate from the medium. 
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m m # 

m 1 9 l> * * KcO|^77& t LT, 1 ) [Adv. Carbohydr. Chem. 

Biochcm., 28, 307 (1973), Bull. Chem. Soc. Japan, 46, 3275 ( 1973) , J. Org. Chem., 
57,146 (1992), Carbohydr. Res., 242, 69 (1993)3 , 2) BWi £ Jfl ^ §!£i$# yj- [J. 
Org. Chem., 55, 1834 (1992), J. Org. Chem., 5.7, 152 (1992), J. Am. Chem. Soc, 110, 
7159 (1988), ^¥ 7-508413, <$UW' 7-5000248, WO96/27670] , 3) MftQ 
<WilMtt£ffl^£7v& (ft&Bfi 45-2073, ^^OR 46-40756, #^>BR 47-1837, 
^^DH 47-26703, SRT^Ba 49-8278, 4$ T*W 2-268692) , 4 ) tt£1$i£3:tf>fl8£^ 
ffi^^f>0«iai& (M¥ 8-23993) ^Tj^O^nTV^o 

1) 0 7ji&(Cfcv>T(i, ^i^7'iy>-5' (WT, UMPi: 

■fr-f) <?)t^7 * 'J -f- hlf^^^H'; >$^ J 'j£^T*ab <0 , 2) <nljfcK& 
v^Tti, UMP. -)'Jy>-5' -Zl'J^K (i^T, UDPtB&t) , -7'Jy 
>-5' (&T\ UTP^t) , 7fVy>-5' -H'J^$ 

(WT. ATPtB&f) ^>-tx*xy -;nf ft 'J >K^0>Mj£/# 

$Kfc: n^- h *^-^#&^S£^«>§£T*& «? , 3) O/V^Ci^Tiig* 
M#Oi£4£M£<j&g£: L£ >3 , J^#<t L T iUtilifc U M P ^ *b ftT v> 



WO 98/11247 



PCT/JP97/03225 



®.£mK(nW&&t LTIi, 1) ffc¥£i£?J;- [Method inEnzymol. 247,193 
(1994),Angew. Chem. Int. Ed. Engl. 21, 155 (1988), Carbohydr. Res. 211. cl 
(1991)] , 2) JllTK^m^m- [Anal. Biochem. 202,215 (1992), Trends 
Biotechnol. 6,256 (1988)] £/|JV*a#&, ii «t t>' 3 ) $$e#8^- (§^¥7- 
79792, if#£f- 7-500248, 5-82200, W094/25614) £*IJflJ L f> 

1 ) tf> ~)j -C li sL&MiRMfrf&Otzib [1 li ft & (7) # a X h *) , 2 ) 
UMPMH4tW«{!/^4 [Amino Acid, Nucleic Acid, 23, 107 

(1971)] o 
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lit:, *5&W^ ?utf KwiiirE&K fcfti^tS* K£#.j£-f £ 

t *g ^ «s K r h u jse * ^ & £ *& k * & m -r & t & ; j £ *r 1- £ fig £ ^ * £ ^ i ± mmm 

K<7) HUSKS', ffi^i^lI^^^MIP.^^^^^tt^^^T-g^S-RE^^f 

T^Jfflt^ d 2) U D Pfrb U T P^£>fc&Hiii/>Tffifllifc** 

*x y - ;l/ tf i^Y. 'rsffct fcf;l"^- h "^r "i" "fcf £0 yijs /JO ?c il L£v> 4 ]g £ , 

3.) mm^^mm^^'^t ib^nafrmzfit&m* * v*t k<t)3m& 
w&te&tvmm? iris** vmt&zmm itz%M%$iftm%<nmxkmz®: 

^~C*§;<2>o U t£ Saccharomyces i!5 . Candida H s Pichia , Torulopsis frti > 

Debaryomyces ^ ^ Zygosaccharomyces M . Kluyveromyces M . Hanscnula M „ 
Rrettanomvces lUlt^ £ £> lfZ> Z\ t £ £ 0 tit L^mt Lt, 

Saccharomyces ^ ^ % ~f %> t L T > Saccharomyces cerevisiae ^ £ , Candida 
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ffitlfct t LT, Candida utj]js, Candida parapsilosis . Candida krnsei. 

Candida versatilis , Candida lipolytjca, Candida zevlanoide-; . Candida suilliermondii . 
Candida albicans, Candida humicola %r £ , Pichia.^ 4* B> 1" h t LT. Pichia 

farinpsa. Pichia phmeri % : £ , Torulopsis M IZ W, t h \tl%M t L T , Torulopsis 
£afldida, Torulopsis sphaerica , Torulopsis xviinus , Torulopsis famat^ Torulopsis 
versatilis ^ £ , Dcbarvomvces fi CI JK -f & fiM-- for > LT, Debarvom Y ^ g 
subglobosus, Debaryomvces cantarellii , Pebarvomvc^s globosus . Debarvomvrrs 
hansfinii, Dcbarypmyces japonjcus t£ £ , Zvgosacchnrnmy r^ E% I' fi-f z.ffi^ifo \. 
C ^ Zvgosaccharornyccs rouxii, ZvgosaccharnrpY^^ ha fl" *E *• Kluvveromvces 
ZWAifylt LT, Kluyveromvccs marxianus . Hansennln IS tr Et- 7, pf± 
ty)t LT, Hansenula anomala, Hansenula jadinii^ft » Brettanomy r^ JS5 ir -t 7, 
ffitfefy} t LT, Brettanomvccs lambicus , Brettanomvccs anomalus £• >£lf& r y 

3ii:, *%w<7>mz ? i/tf v<nmmi,zm^z > z tcnxz&wAiVvt lt, 
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7>^-^a, flfMT y*-<) A, 'J >$7 A *f «t TO 

$7 a±£&l y^t 7^7 * +*->*$<r)7 < 

A , 'J > (^7 '/ ^yH, ^ * v -7 A , ifi-ffc v ^ y ^ A v &it i- b 'J 

rum. mt&m*&%^fctxm\\Lxi> x^-o 

{±15-45 "Crt s &< , ^Mf^fiiiS 5-10 OV$MX'*>2> 0 pHli 
3-9 IC^^-T *o Il- tT^JfeW p H<Dm&M&&*>2> ^f±#$S^$> 

■9 o 

m^^mmm^m.^. t&Mf&?>m%it8i&m®), tm^^mmmimm^. 
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itt^iHi^ift, &tom<r>&m*k®9>* imu^^&ri'jymty), mmm<v 

Z> o 

t^s %-mtzzt%<, itiMztix\,*z>mfc. is 

®**\'**V<r>kmzte^xM\'^ixZ&%M<r>ik\i.. MTmtlx, 1 
0 - 8 0 0 g/lf*^ WiL(li50- 6 0 0 g/! X*>Z> a 

®^tz&±®(nt*mmz*ftmitt ixm^zzttfx-zzo 

<ii0. 0 1-0. 3M£>iftj£Tffl^£>;fiS 0 

Kfl^L^^(>^T'*n(fv>-fn<,ffl»/^c:t^T-$, 0. oi-i. om?)I 
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7n-x, 7;i/HX, 7>^F-^K v ;i/ kf h - ^GO#t7MfctK t°;Wkf 

;>snw7 s y m. mm. mm^m^^^^n z> z. t &x , o. 02 
1*4 * > tLxa* mm^ r * y ^ a , m& -? 7 * -> ^ a , 

Y ^ > ^ A £ & If & d £: tfX' £ , ifffi- 1-2 OmM^a^T-fflv^nSo 

• K 7 ^ + ^ y ^ f - ;u • > ->* ;u 7 > * — H^dH 

K (flUtf > F2-40E, H^iSMfcSS) %f<»ii** >&WMtfi&Ms 7^ 

fi 1 ~ 2 0 g / 1 <7)&Jf T-ffl^*i& 0 
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m^^^-mrhtL. mizo. 1 - 5 om 1 / u l < u 1 ~ 2 o m 1 

6-8, 2 0-5 Or T* 2-4 8 n®<D&ftXft o Z t &X* £ h 0 

mjjttizx oi7 * h-i&i&i-zzttfuimx*, ^ , mm* ? 

ti, UDP-Glc, UDP-GaK UDP-G 1 c NA c^HU'Ki 

* & L /j Jg 7 * U * K (?) £fi- ii (7) £ ft n ^ L X ft n Z t 
fflx.tf, UDP-GI chUDP-Ga 1 fi Anal. Biochem., 

216, 188-194 (1994)^*£OrtiM#^ DV h ^7 A HPLCtlf}t) U 

<£&^&TMt^£^T££ 0 UDP-GI cNAci7)^Ml±WT 

<7)-fcfl-<7) H P L C U «£ *)T: 1 Z b tfx- £ * o 
■tfh'M : 0 . 1 M KH 2 PO, 

(H 3 P0 4 £ffiv,*TpH3. 2 tcj$&) 
ifiLJi ! ltnl/mi n 
1) 7 -U '. Partisil-10 SAX (7 7 hv^ltg) 
tfctti : U V 2 6 2 n m 

: x * > r- y(Df&±stm<^]tmz x o »ai 

fflV^jfitf^&^oTfr?-^^ 8-23993) , #lj;t(i\ UDP 

- G a 1 £i J: tfU D P - G 1 c Ufc^TIi J. Org. Chcm.,52, 152 (1992), UDP 
-G 1 c NA c ilH^Xti J. Org. Chem., 52, 146 (1992)(I I'dDc^) tT/i H $ £ Tfj' 
■7 - t >5 S T-^ 4 0 
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^^%^^^(ifijti||}l^T'^tilf^t*ti^ffl^^ * ttft „ WLl£. ,3 1,3-*" 

7 ? h»K7>X7x 7 --fe' h • ^ 7 /-^IffiWM 2 6 6 - 
4 I* ( ATCC CRL1676) , iJcfctffch-*?/ - vjUfllfeWM 2 66-4**/? 
1,3-** 7 ? Fy)^7 > X 7 x 7 - -tf it ft iP£ -7-v;u^?«BirdiK JM-1 
ft^<7) gi&x. ft (#KJ¥ 6-181759) > n^7/-7||lSK-Me 1-2 

8 ^IHflS. fctf 5fctf> -h 7 ^ F7i^v)^7^7x7- -tfififtT- £ £f£-*- & ±mM 
(Proc. Natl. Acad. Sci. USA., 9_3, 4638 (1996) , tFHe I a iffl HS ill ife tf> 0 1,4-** 

v ? > X 7 i 7 -■fe*iSE-7-^H^1"*^fli'ffi (EMBO J., 9, 3171 

(1990)) & & V Saccharomvces cerevisiac fBiochem. Biophys Res. Commun., 201 , 
160(1994)] , 7 7 ],6-N-7-tf )^/J^*U^f7>X7x7- 

-fififiiT C 0 S - 7*U!JJeL (ATCC, CRL1 651 ) [ J. Biol. Chem., 268, 
15381 (1993)] ^W^^iHBflSi^^V^im^^^tfSC t* f -C^ ^.o 

&J&ife£ U, — tffcUtetfi S*L"tv»£ R PMI 1 6 4 0M, EagleOM 
EM^il/:liin^ ^¥J&!&M^ * mw L T^i&^ffl v> *i £ «> iff 

5%C0 2 #ttT%W*#T"Ctf 9o lg*fiS{i 3 5 - 3 7 WJ: <, 
i»MJfi> ii^ 3 ~~ 7 Q^f&^o i^#tM^i:J3i:T, *-7-v>fv>, 
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m<r>#Mfti&fimmte. imu^m^nmm^, mmm^mmm^Mmm , 
»^ei;js i*i siz-ft^? ^> ^> u ^ { n^^Hifl^i ^> a\ ^ ^ ^ t r >2> ^ t &x h Q 

1 tfliijl; 1 ,i M^^«gtiffit4 - t(DXb am.* 1 JP-fi: (U) tit. 
0. 01U/l-100U/|-e*t), jfiL< [J0 . 1U/IM00U/ 

*m^hc\ htfX-h. 1-10 OmM, Ut L < ti 5 - 1 0 0mM«tffl 

m&mn^&i&izio^xM^hixz&smnMm&tLxtt. mm, ^ »; =r 

fflv^>I<!:^T-#, = GlcNAc p l-3Gal /? 

l-4Glc^£*>lf*::£j&<-C#So «&IIRlffiIfH*l±0. 1-1 0 OmM, ft* 
L < (iO. 5-5 0mM^iMffflv^:i:^T"^ o 

i:ii7n-N-rF7t-x, 7^j._ N _^^. f -^ 3j ._^^ N _ T ^ ^ 
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&£®1!i(n*M^&^X, #3SC:fti:T\ MnC 1 2 /? - y ;u 

^7 7° h i ^ y - ^ ;&fll|-f £ - t § 4 o 

h P^-T- 6-181759) o 

W^<T>ti^ £ cTfH - ttfX'Z (M Y- 8-23993) , Mz-lt\ N-T-tf-^U 
7^K; > Hi>i/>Tli J. Org. Chem.,47, 5416 (1982) Stlf£<7) 7j & Ui$£ C "C ft "7 

lift ^ n 

% qH -£ Ml -t & & (V ft £ v> BW. 

3ki&m i . u d p - g i c <n£.m 

lOOg/L MgS0 4 -7H 2 0 lg/K K 2 HP0 4 
3 5g/L ta 7 (*'J-)AiS) 3 g / 1 o£Rj» htth Kl&r&L 2 . 
5 L<7)Ao/^5 L§ig§Hli:, rtJJRW'OfiMtf: (^^4-* h ; tSfn^BSX. 
»jt;£?±^) 100g/l (&*IS-Hft#) t «t 7 U** 

SL, 2 8t, j|#6 0 0 r pm, fi&Jt 2 L/m i n ^Mt6f|F«1^^ 

a'S).D^> 4N KOH^I^t, RJfcilfcW p H £ 6 . 5^7. 5 L 

/Jo 

Rj£$±fif ^<7)U D P - G 1 c £ Anal. Biochem., 216, 188-194 
(1994)0ti«cCO#£^<fc lj£ftLfcte*, UDP-G 1 c * ? 7 . 4g/l (2Na 

¥ 8-23993 IS«<7) 73 St'^i:TUDP-G 1 c £flff!£U «(OUDP~G 1 
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m m n\ m * $ m & , 9 9 % j- ? y - ;u £ $ $j $ ^ l , ± c tz \t m m * n ^ 

WUDP-G 1 c -C&ntzo 

mmm 2 . u d p - g a 1 <o%.m 

( N H , ) , H P 0 , 2|;/LKH : PO ( 2g/|, MgS0 4 -7H 2 0 
lfi/1 (6N H 2 SO,-CpH6. 0 <7)ffi/£^^£$^ M £ 

2 0ml V.^SUL/J 3 0 0 ml^ft77X3i;, Kluvvcmmvc^ marvinn,,. vnr 
buiugarjcus ATCC 16045 & £ ffiffi L , 2 8 "C , 2 2 0 r p m & f'|- T" 2 4 H-WM 
M^L^io ft ^ ft. jg # j& £ l j# ffc £ Ltlt)^/:„ 

v ? h - X 5 0g/L J. * X ^7'F> 5 g /| 

(NH 4 ),HP0 4 2g/L KH 2 PO ( 2 g / U M g S O t ■ 7 H 2 0 1 
g/1 (6N H 2 SO,T"pH6. 0 iZM&) Offl/S^t, £ £ 2 4 

Om 1 tfsiniL£2 Lft^7 7Mt^^77^t;, mmm&2 0 m 1 £v£ 
JUL, 2 8TC, 2 2 0 r p m 2 4 ^liliKt L/:„ l^tl/:^M 

£ 2 ^litf M t L Tffl i>/: 0 

10 0g/L|fi+x 2g/l^y|-/ 5g/l, 
(NH 4 ) 2 HP 0 4 2 g/l,KH 2 P 0 4 2 g / I , M g S 0 4 • 7 H 2 0 1 
g/1 (6N H 2 S0 4 T'pH6. 0 izM&) h & & jftflcJftjfe £ 2 . 

5 LmMLtz5 L^*«H, 1£ 2 **f.i£» 2 5 0 m ! frtiSffi L , 2 8 T/ 

6 0 0 r pm. ii 2 . 5 L/m i n (7) i£ ^ & f'(- T* 2 4 MJi&l^ff 0 fz„ 
m%m*\\ 2 8%7>*-7*«:fflK t TOOpHH. 5 (±0. 

1 ) U*t#L/j 0 
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'J * AJ£) 3 g/ 1 , flclfcv A ig/|, KH 2 PO, 3g/L 

K 2 HPO ( 4 g / 1 , # 7 * h - * 1 8 g / 1 £ i&ttl U 2 8t, 6 0 0 
r pm> $5vft2. OL/m i n <7>&ft-"C 1 5 M&fc £ It o „ 
^^Ud'K 4N K 0 H £fflv»t\ Jbctttfftft'^) P H £ p H 6 . 0^7. 0 t: 

&fc#*-7l£, lil'WUDP-Ga 1 £ Anal. Biochem., 2±6, 188-194 (1994)g£ 
$L<r>-)i& C «t *3 *£M L UDP-Ga 1^2. 3 g / 1 (2Na 

1 tl-li^H-t'SS^ft^, (*fc£9 7%WJ.) ^UDP-G a 1 ^ 

1-J&M2. 5 g £f£/jo 

3. UDP-GlcNAc co£j£ 

^ ;u d - x 60 ft 19 1: -7 )U b - x l 00g/l U ^ ;u n ^ ^ > i£gfc 

i£3. 5 g/' I Ztttz^bLfc&l-mu-f ZMtUi, 'Mm 1 £ 1*1 & & & W T* U 
DP-G 1 cNAc W_fej££lT-? Az 0 

KIl^TI^ MtWUDP-G 1 c N A c ^±i!l«HP L C it ^ «t 
0 L tzffi$<, UDP-G 1 cNAc* f 7 g/1 (2N a il&m MLT 

tffll £ffi&fc#&T-*IS!J£fT^ .§5*£E (M9 7%W±) WUDP-Glc 
N A c £>£lfe&* 5 . 7 g £*#fc 0 

3&fi&09 4 . /? 1,3-*" 7 * k>;K7>X7x 7--t*^>H» 

7°Df -f > AGO I g GlS'&^i^i: /? 1,3-^7 * t-y)K7>X7x7-^'^ 
^ - KLT^4 itfe^ & la tr 7° 7 X = KpAMoERSAWl 
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(«l¥ 6-181759) t^^l/:f7;Ws'KJM-lt^G4 18 (^3 
ttM) £ 0 . 5mg/ml^(;RPMI64fl ■ ITPSG F^-lt!i3 0 m M: 
5xl0'ce I 1 s/m I i:^4J;^ L, C 0 2 -f > 4 a. ^ - ? - ifi T\ 

37t, 8 npg^^L^o 

t^t-8ort*Mniit*^ fst ;n m t ; m l t jh i- * d 1 1 * -r z> 0 

j&7"o tM > A <7) I g G ite^SIM t ft 1,3-*' 7 ? h v ;b h 7 > X 7 x -7 - -tf <h 

;M'L>^8tU «t ft \, 3-1/7 9 k/i^7>X7x v --tr<7>|A£ L I 
gG-t7rn-X£[n]J|3tU RPMI 6 4 0 • I TP S G F^l 1 m l f3i 
tffcrSH£> it* I g G-t7Tn-x^,5 1,3-*" ? ? K v ;u h 7 > x 7 -x. v - -tr'tOftM, 

IB) [Agric. Biol. Chem., 2169(1990)] ICftoT7; 7 bf 'J v > H <fc (9 

Lfcft, 1 0 0 m u n i t <7) ft -i/7 ? h ~> V ~ -tf (iiMfc^XH}! 
W) Z1)\llT3 7TJT-1 6 1$ Si #£7C*JK<7) 1/ 7 X h-X£fS££L 

^ifitfGm: ^Cjfrfc GlcNAc /? l-3Gal /? l-4Glc £&&&'RnWitt Ltjjl 
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ftp 1, 3-*"7nyiH>7>X7x7-l' 0 . 5 IK Utfcffl 2 XWW I 
/jUDP-Gal 5mM, Tris-HCi ( p H 7 . 9) 1 OOmM, 
MnCl, lOmM, ft - / frlJ 7 h x- 9 S - >l> 2 m M £ "pT^ffK Z> 3 
6 ,i I 4- , 3 2 r -c -6 5 i#F« 1 L > Jfeft * \ i o /j 0 

ii y & \ TSKgcl ODS-80TM 7) v A (4.6mmx3()cm,TOSOH fi$£) 
: 0 . 0 2 M!ft$ 7>^-^A|lfjjil[ (pH4. 0 ) 

?U)ii : 5 0t 

iHM : ltn l/mi n 

JffcflJ : St^fflS (EJjfeiSL-fi 3 2 0 n m, »M£ 4 0 0 n m) 
>V. l» <r> M It it T I J fc: l ) : J y "C'&Wi Ltzv 9 KN-fl-7t-xU'l 

2nti>±)kty<7)mimm*it&? jciiatj fro tz D 

MfcfZ-t<~ £ »K 0 . 1 7 mM ( 0 . 12g/l) «7n-N-f H^"- 
xtfkl&Ltzo 

'3kMM 6 . 7 7 KN-T4rF7*-^«4.l 

5 X-mm L/Jll^-HSHtrig^GlcNAc /? l-3Gal ,3 l-4Glc 0. 5mM. 
/? 1 , 4-*'7^ h->iH7>X7x7-tr' (y7'v|ii) 0 . 5 IK HiEfe 
M 2 X'W& L/:UDP-Ga I 5mM, Tris-HC! ( p H 7 . 9) 
1 0 0 mM, M n C 1 2 1 OmM, Jb*7"fx^ 2 mM, a - 

7 M7^7';> 0. 2 m g /m l £ £*T1- £ fcl&ifc 36// I ^ 3 2tt 

t & , i£ ril- a $ *i tz £i» * % mm 5 t mm <o 1-, hp 
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-r & » w * & ^ (i Ji/j mj® * ffc * §s tft ^ ® » * 

4. ^#tffc<7)M«\ ig^tftcOzMtK *??*ifc?>$£$8L 
111, 2 £ Si 3 Eft^mitiio 
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2 /jfi3nMco§^& 0 

7 . ^ -j ->* > 1: v y mt&yaw. *) 'J > y _l 'J > g£ ;u 3 - x % '> ij y 

!it>M 1 i tzli 3 ItiiccoMi^&o 

10. ^l^iS itfr!E# N-7-frf Jl//;i-3^ ^ >ttzli GlcNAc /? 1 
3Gal /? l-4Glc £ , ^jfcjft 9 &*fctf>ilSi£j& 0 

1 1. ;w 3 - x ^- W^S -a Iff K , 7 1 >?;tim£m 
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14. 8f&Jj\ Saccharomvces W, . Candida lift , Pichia ^ . Torulopsis ff, , 
Debarvomvces M x Zy gosaccharomyces M , Kluvveromyces M N Hanscnula ^ £> £ If 
Brettanomvces M C M 1~ & ffifl- & frh M it 'tl Z> & & T *> & .1 <h £ift$^-t£, 

i 3 ^m^s^&o 

l 5 . 8£f5^, Saccharomvces cerevisiac , Candida utilis . Candida 
parapsilosiS x Candida kruseK Candida versatilis > Candida lipolytica . Candida 
zeylanoidcs , Candida guilliermondiL Candida albicans ^ Candida humicola x Pichia 
farinosa, Pichia ohmeri ^ Torulopsis Candida , Torulopsis sphaerica , Torulopsis 
xylinus , Torulopsis famata , Torulopsis versatilis , Debarvomvces subglobosus . 
Debarvomvces cantarelliL Debarvomvces globosus v Debarvomvces hanseniK 
Debarvomvces japonicus , Zygosaccharomyces rouxiK Zy gosaccharomyces hailiL 
Kluvveromyces marxianus . Hansenula anomala ^ Hansenula jadinii > Brettanomvces 
lambicus X V s Brettanomvces anomalus ft h M li fa- -5> P$ iij: X" $b Z> ^ m 1 4 jlti 

# i~ h W^Aty ft x Escherichia coli i fz it Saccharomvces cerevisiae T h Z> CI t £ # 

^t^iW^\COS-7tti/«:(itv^AK J M- lUD/jST'^ * C t £ 

18. t7;WN'KJM-lfflW\ /?l,3-*'7ny)^7>X7x7- 
-tf£n- Kt £trD N A WfJri:'*? * - t <7)Mx.&D N A 

t ^. t v ;l/ / < K J M - 1 i § T- ^ 4 : # 1 i: t ^ , 1 7 Kil*£«o$g& 
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